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A STUDY OF PULSED SURFACE FLASHOVER I N  A VACUUM 
BY 
Vishnukuinar K. Lakdawal a* 
INTRODUCTION 
The phenomenon o f  breakdown i n  gases and i n  a vacum has been the ob- 
j e c t  o f  research o f  many workers f o r  many years and i s  r a t h e r  w e l l  under- 
stood. Exce l len t  review a r t i c l e s  and books are ava i l ab le  on t h i s  sub jec t  
( re f .1 ) .  However, t he  mechanism o f  pulsed surface f l ashover  across s o l i d  
i n s u l a t o r s  i n  a vacuum, which occurs i n  the  nanosecond t ime regime, i s  n o t  
w e l l  understood. 
f lashover  has been ex tens i ve l y  inves t iga ted .  I n t e r e s t  i n  t h i s  k i n d  o f  i n -  
v e s t i g a t i o n  i s  demonstrated by the f a c t  t h a t  recent  advancements i n  vacuum 
i n s u l a t o r  technology have permit ted extremely high-power dens i t y  appl ica- 
t i o n s  ( r e f .  2 ) .  
It o n l y  has been du r ing  t h e  l a s t  few years t n a t  vacuum 
S o l i d - s t a t e  switches are des i rab le  f o r  use i n  space systems from t n e  
p o i n t  o f  view of reduc t ion  o f  size and weight. 
i s  l i m i t e d  t o  low-voltage systems on ly .  
h igh-vol tage vacum switches are the obvious choice due t o  the  f a c t  t h a t  t h e  
n a t u r a l  and unavoidable i n s u l a t i n g  medium a v a i l a b l e  i n  space i s  a vacuum. 
Also, a l l  e l e c t r i c a l  systems i n  space i n h e r e n t l y  depend on t h i s  omnipresent 
medium f o r  i n s u l a t i o n .  
vacum device must i n e v i t a b l y  incorporate an i n s u l a t i n g  member f o r  support- 
i n g  t h e  high-vol tage electrodes. F a i l u r e  o f  h igh-vo l tage vacuum switches i s  
o f t e n  a t t r i b u t e d  t o  surface flashover across the  i n s u l a t i n g  members. The 
d i e l e c t r i c  s t reng th  o f  these vacuum switches used i n  space systems i s  o f t e n  
1 i m i t e d  t o  a value o f  500 v o l t s  due t o  surface f lashover  ( r e f .  3 ) .  
However, t h e i r  a p p l i c a t i o n  
For h igh-vo l tage space systems 
However, the  mechanical design o f  any high-vol  tage 
*Ass is tan t  Professor, Department o f  E l e c t r i c a l  and Computer Engineering, Old 
Dominion Un ivers i ty ,  Norfolk, V i r g i n i a  23508. 
The r o l e  played by t h e  surface o f  t h e  i n s u l a t o r  i n  t h e  breakdown per- 
formance o f  a vacuum gap ( o r  switch) cannot be overemphasized. 
t h e  bu lk  i n s u l a t i n g  p roper t i es  o f  a s o l i d  i n s u l a t o r  a re  super io r  t o  those of 
a vacuum gap, the  actual  performance o f  a s o l i d  i n s u l a t o r  i s  poorer than 
t h a t  o f  a vacuunm gap. 
mechanism i s  t h e r e f o r e  a key fac to r  i n  t h e  design and development o f  b e t t e r  
high-vol  tage vacuun switches. 
Even though 
A proper understanding of t h e  sur face  f lashover  
A uniform breakdown over t h e  i n s u l a t o r  sur face  i s  h i g h l y  d e s i r a b l e  f o r  
t he  produc t ion  o f  high-density, high-temperature plasmas which f i n d  appl i ca -  
t i o n  i n  var ious  z-pinch devices. However, i n  ac tua l  p rac t i ce ,  nonuniform 
discharges i n i t i a t e d  by f i lamentary  sur face  f lashovers  are o f t e n  encoun- 
tered. An understanding of t h e  physical  mechanism respons ib le  f o r  t n i s  t ype  
o f  breakdown would probably lead t o  methods f o r  ob ta in ing  more uni form d i s -  
charges and may c o n t r i b u t e  t o  t h e  advancement of vacuun i n s u l a t o r  f l asnover  
technology i n  general. 
An experimental i n v e s t i g a t i o n  o f  pulsed sur face  f lashover across s o l i d  
i n s u l a t o r s  i n  a vacuum i s  reported. 
c a r r i e d  ou t  du r ing  t h e  p r o j e c t  per iod namely: 
Two major aspects o f  i n v e s t i g a t i o n  were 
1. I n v e s t i g a t i o n  o f  pulsed surface f lashover  ( s i n g l e  channel d i s -  
charge) across s o l i d  i n s u l a t o r s  i n  a vacuun us ing  image conver te r  
photography . 
Schemes f o r  ob ta in ing  uniform sur face  discharges (mu l t i channe l )  
across the  i n s u l a t o r  gap i n  a vacuum. 
2.  
The f i r s t  aspect i s  aimed t o  o b t a i n  a b e t t e r  understanding of t h e  f a s t  
t r a n s i t i o n  ( i n  ns t ime regime) f r o m  the  nonconducting t o  the  conducting 
s t a t e  o f  t he  vacuun gap. The second aspect i s  important from t h e  p o i n t  o f  
2 
view o f  i t s  a p p l i c a b i l i t y  i n  h igh vo 
homogeneous s u r f  ace discharge fo r  sw 
Ex per i men t a1 Apparatus : 
The experimental apparatus used 
tage vacuun switches, which r e q u i r e  
t ch ing  w i th  a minimun inductance. 
f o r  t he  study i s  shown i n  F i g .  1. The 
system shown i n  t h i s  f i g u r e  i s  a modi f ied and improved vers ion o f  t h e  e a r l -  
i e r  system used by H. I s a  e t  a l .  (NASA Grant NAG-1-332). The mod i f i ca t i ons  
and improvements are presented i n  b r i e f  i n  Appendix I a t  the  end o f  t h i s  
r e p o r t .  
reader 
r e s u l t s  
I n  
RESULTS AND DISCUSSION 
The s i g n i f i c a n t  f i n d i n g s  o f  the experimental work performed dur ing tne  
p r o j e c t  per iod  are repor ted  i n  t w o  papers publ ished i n  I n t e r n a t i o n a l  Con- 
ference Proceedings, Proceedings o f  the  8 t h  I n t e r n a t i o n a l  Conference on Gas 
Discharges and App l ica t ions ,  Oxford, Uni ted Kingdom ( r e f .  4 )  and Conference 
on E l e c t r i c a l  I n s u l a t i o n  and D i e l e c t r i c  Phenomenon, Amherst, NY ( r e f .  5 ) .  
These papers are inc luded as Appendices I 1  and I11 w i t h  t h i s  repo r t .  The 
s r e f e r r e d  t o  these two appendices f o r  a d e t a i l e d  d iscuss ion o f  t he  
o f  the  research work ca r r i ed  ou t  dur ing  the  p r o j e c t  per iod.  
SUMMARY 
t h i s  research, we have observed the prebreakdown phenomenon o f  
pu lsed surface f lashover  across s o l i d  i n s u l a t o r s  i n  a vacuum us ing image 
conver ter  photography. 
ta ined.  I n  sunmary, i t  was found t h a t  v i s i D l e  l i g h t  ( low lum inos i t y )  i s  
i n i t i a l l y  emi t ted from the  cathode and the l i g h t  f r o n t  propagates a t  a con- 
s t a n t  speed o f  approximately 1 x 107 ms. 
u n t i l  the gap i s  br idged by the  b r igh t  l i g h t .  
banded s t r u c t u r e  (corresponding t o  t he  e lec t ron  hopping d is tance 
A very good t ime and space r e s o l u t i o n  has been ob- 
This l o w  luminous l i g h t  i s  emi t ted  
The l o w  luminous l i g h t  has a 
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as proposed i n  the theoretical model of flashover (ref.  6) (See F i g .  2 ) ,  and 
the light intensity gradual ly  increases as i t  travels towards the anode. 
The bright l i g h t  s tarts from the anode and expands towards the cathode, 
bridging the gap within 0.5 ns. 
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The f o l l o w i n g  modi f ica t ions  and improvements i n  t h e  e x i s t i n g  
system (used by H, Isa et. al.,  NASA Grant No. NAGl-332) have been 
incorpora ted  dur ing  t h e  period of t h e  r e p o r t ,  
1. T h e  v a c u u m  s y s t e m ' w a s  r e d e s i g n e d  by i m p r o v i n g  t h e  
c o n d u c t a n c e  of t h e  pumping l i n e s  and  e l imina t ing  t h e  sou rces  of 
v i r t u a l  leaks i n s i d e  t h e  tes t  chamber. An improvement i n  t h e  base 
p r e s s u r e  by two o r d e r s  of magnitude has  been obta ined  ( u l t i m a t e  
base  p r e s s u r e  now is 4 x 10'4 P a ) .  No f u r t h e r  improvement  is  
p o s s i b l e  wi thou t  major changes, s i n c e  t h e  system cannot be baked, 
a n d  a l s o  t h e  o n l y  a v a i l a b l e  high v o l t a g e  feedthrough is a source  
of v i r tua l  leak. 
2 .  For some t e s t  specimens much h i g h e r  vo l t age  was r equ i r ed  
f o r  c o n d u c t i n g  breakdown measurements.  The l i m i t i n g  f a c t o r s  are 
t h e  c o n n e c t i n g  cable and  t h e  h i g h  v o l t a g e  bushing.  The bushing 
d e s i g n  h a s  been a l t e r ed  and new b u s h i n g  i s  i n c o r p o r a t e d  on t h e  
sys tem.  However t h e  only ava i l ab le  cable has  a l i m i t i n g  breakdown 
s t r e n g t h  of 120 kV, hence t h e  p re sen t  measurements w i l l  be l imi t ed  
t o  1 1 0  kV impulses, 
3 .  T h e  i m p u l s e  g e n e r a t o r  h a d  t o  be c a l i b r a t e d  w i t h  a 
s u b s t a n d a r d .  A 5 c m  diameter s p h e r e  gap c a l i b r a t i o n  arrangement 
has  been designed and constructed.  This is being used t o  calibrate 
t h e  Mini Marx generator .  
4 .  An e x i s t i n g  q u a d r a p o l e  mass a n a l y s e r  and a s s o c i a t e d  vacuum 
s y s t e m  has  been a c q u i r e d  and connected t o  t h e  tes t  chamber. This  
was i n t e n d e d  t o  observe any gas  s p e c i e s  desorbed from t h e  s u r f a c e  
of t h e  specimen dur ing  and a f t e r  f l a s h o v e r  . T h i s  system has been 
made j u s t  o p e r a t i o n a l .  The pre l iminary  mass scan  of a gas  sample 
t a k e n  from t h e  tes t  chamber is shown i n  f i g u r e  7:. As is seen  from 
t h e  f i g u r e  t h a t  t h e  background spectra shows l a r g e  peaks a t  mass 
28(N2,  CO) , 32(02) a n d  40(Ar) i n d i c a t i n g  t h a t  there is a leak on 
t h e  main system. Even though a base p r e s s u r e  of 4 x l o o 4  Pa is 
a c c e p t a b l e  f o r  c a r r y i n g  o u t  b r e a k d o w n  s t u d i e s  a n d  s t r e a k  
p h o t o g r a p h y ,  i t  is  e s s e n t i a l  t o  have  a u l t r a  high vacuum system 
if g a s  d e s o r p t i o n  m e a s u r e m e n t s  a r e  t o  be made s i n c e  these 
measurement  i n v o l v e  d e t e c t i n g  f e w  hundred  p a r t s  per m i l l i o n  of 
desorbed species and hence very low base p r e s s u r e  - l o o 8  Pa) 
is desirable. Pre l iminary  design of an UHV system is i n  progress .  
5 .  An o i l  immersed c u r r e n t  l i m i t i n g  r e s i s t o r  has been designed 
and cons t ruc ted .  This is i n s t a l l e d  i n  series wi th  t h e  gap so as t o  
reduce damage t o  t h e  specimen when breakdown occurs.  
